reveal its role in the developing brain and retinal development, but also shed light on its important function in neural stem cells (NSCs) . In this review, the roles of Tlx in adult neurogenesis, together with its molecular mechanisms are discussed.
NSCs and neurogenesis in the adult brain
NSCs are functionally defined by their ability to self-renew and differentiate into neural lineages including neurons, astrocytes, and oligodendrocytes. Continuous neurogenesis from NSCs has been identified in two neurogenic germinal zones of the adult brain: the subventricular zone (SVZ) of the lateral ventricle, where new neurons are generated and then migrate through the rostral migratory stream (RMS) to the olfactory bulb to become interneurons, and the subgranular zone (SGZ) in the dentate gyrus of the hippocampus, where new dentate granule cells are generated (Doetsch et al., 1999) . The NSCs from these two regions have different morphologies, marker expression, proliferation kinetics and differentiation potential (Zhao et al., 2008) ; however, Tlx is expressed in both zones and acts as an essential regulator of NSC generation and maintenance.
Tlx in the SVZ
We have shown that in the SVZ of the adult brain Tlx is exclusively expressed in astrocyte-like B cells and that it is required for the transition from radial glial cells to adult NSCs (Liu et al., 2008) . This strongly indicates that the Tlx promoter is a useful tool to introduce specific genetic modifications into NSCs. Using a Tlx specific antibody, a recent study demonstrates that Tlx is expressed both in quiescent and actives NSCs in the SVZ (Li et al., 2012; Moran and Jimenez, 2006) . We found that a Tlx-inducible mutation leads to complete loss of neurogenesis in this region, while its overexpression leads to an increase of NSCs and neurogenesis. The increase in neurogenesis antagonizes age-dependent exhaustion of NSCs, even initiates giloma-like lesions accelerating to invasive gliomas driven by additional p53 inactivation (Liu et al., 2008 (Liu et al., , 2010 . This result suggests Tlx is an essential regulator of self-renewal in the NSCs of SVZ. It is interesting that overexpression of Tlx in NSCs leads to brain tumor formation, which directly demonstrates the contribution of NSCs in glioma development. We also demonstrated that Tlx is overexpressed in human gliomas, suggesting that Tlx is involved in human brain tumor development. Tlx expression has been shown to be associated with a poor prognosis (Liu et al., 2008 (Liu et al., , 2010 Park et al., 2010) . Since uncontrolled Tlx-expressing NSCs contribute to brain tumorigenesis, Tlx has the potential to be a valuable diagnostic marker and therapeutic target for patients with incurable malignant gliomas. On the contrary, treating neurodegenerative diseases by Tlx-expressing NSCs should be approached with extreme caution.
Tlx in the SGZ
It is still unclear which cell types express Tlx in the SGZ. Tlx null mice have much smaller DG and have no hippocampal neurogenesis. Loss of Tlx in the SGZ results in a significant reduction of stem cell proliferation and a marked decrement in spatial learning, while no effect is observed on contextual fear conditioning, locomotion or diurnal rhythmic activities (Zhang et al., 2008) . Several studies indicate that adult neurogenesis does not have a role in spatial learning (Saxe et al., 2006; Snyder et al., 2005) ; however, this inducible knockout mouse model provides direct genetic support that adult hippocampal neurogenesis can contribute to the spatial learning and memory circuit (Kee et al., 2007) .
Molecular mechanism of Tlx function in adult NSCs
Tlx belongs to the orphan nuclear receptor family, which contains two typical structural subunits: the highly conserved DNA-binding domain (DBD), and the moderately conserved ligand-binding domain (LBD) (Bain et al., 2007; Yu et al., 1994) . Tlx has been suggested to be functional exclusively as a transcriptional repressor (Moran and Jimenez, 2006) . In the LBD region, Tlx interacts with its cofactors, such as Atrophin (Haecker et al., 2007; Wang et al., 2006; Zhang et al., 2006) , BCL11A (Estruch et al. (2012) ), LSD1 (Sun et al., 2010 (Sun et al., , 2011 Yokoyama et al., 2008) and some histone deacetylases (HDACs) (Haecker et al., 2007; Sun et al., 2010 Sun et al., , 2011 Wang et al., 2006; Yokoyama et al., 2008; Zhang et al., 2006) . Tlx binds to its target genes in its DBD by recognizing ''AAGTCA'' motif (Zhang et al., 2006) , and represses their transcription. Tlx target genes have been identified, as summarized in Table 1 . Pten and p21 are very likely the responsible genes for the Tlx induced gliomagenesis. We have evidence that loss of PTEN and p53 specifically in adult neural stem cells leads to long-term expansion of NSCs and glioblastome formation, suggesting that the Tlx/PTEN/p21 pathways (Estruch et al., 2012; Wang et al., 2006; Zhang et al., 2006) . There are several key questions that need to be answered to better understand the role of Tlx in adult NSCs: Is there a ligand for Tlx? How is the expression pattern of Tlx in NSCs regulated? Owing to the rapid technological development in next-generation sequencing (NGS), chromatin immunoprecipitation followed by sequencing (ChIP-seq) makes it possible to identify Tlx target genes on a genome-wide level, which will not only reveal mechanisms of Tlx action, but also shed light on the molecular pathways operative in adult NSCs. Understanding the biology of Tlx regulation in adult NSCs will provide significant insights into the biology of adult neurogenesis, brain plasticity and brain tumors.
